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We examined the relationship between alcohol consumption
and incidence of end-stage renal disease (ESRD) in a
prospective cohort of 65 601 Chinese men aged 40 years and
older. Information on the amount and type of alcohol
consumed was collected at a baseline examination with
follow-up evaluations conducted 8–9 years later. During the
500 876 person-years of follow-up, 176 participants initiated
renal replacement therapy or died from renal failure.
Compared to non-drinkers, the relative risk of ESRD was 0.67
among men consuming less than 21 drinks per week and
0.52 among men consuming this amount or more after
adjustment for age, geographic region, urbanization,
education, body mass index, physical activity, and cigarette
smoking. The inverse association between alcohol
consumption and ESRD existed even after adjustment for
systolic blood pressure, and history of diabetes and
cardiovascular disease. Our results suggest an inverse
relationship between alcohol consumption and risk of ESRD
in Chinese men. Heavy alcohol consumption, however, may
lead to increased risk of morbidity and mortality from other
causes; therefore, the implications from these findings should
be interpreted cautiously.
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End-stage renal disease (ESRD) is an important public
health challenge in the United States and around the world.
In 2004, over 104 000 new patients in the United States
developed irreversible renal failure and either underwent
dialysis or received a renal transplant for their ESRD,
representing more than a fivefold increase in new cases
treated compared to 1981.1 More dramatically, the number of
prevalent ESRD cases has increased from 67 280 in 1981 to
472 099 in 2004.1 The burden of ESRD in China is largely
unknown, as China does not have a national registration
system of ESRD. Recent data indicate an incidence rate for
all-cause ESRD of 30.7 per 100 000 adults 40 years and older
in China.2 The increasing incidence and prevalence of ESRD
portends the importance of identifying and understanding
modifiable risk factors associated with the development of
ESRD to devise prevention strategies.
Alcohol consumption is highly prevalent throughout
the world and an association between alcohol consumption
and ESRD could have a considerable public health impact.
Despite this, data on the relationship between alcohol
consumption and subsequent risk of ESRD are sparse and
contradictory.3–7 Some studies have reported that moderate
alcohol consumption is inversely related to incident chronic
kidney disease (CKD),5 whereas others have reported
no association between moderate consumption and CKD,3,7
or that alcohol consumption is positively related to the risk
of ESRD.4 Furthermore, Asians have been shown to have
higher alcohol sensitivity;8,9 therefore, it is not clear whether
previous results can be generalized to Asian populations.
Additionally, alcohol is an important part of life in China.
With China’s transition to a free-market economy and the
rapid development and westernization over recent decades,
there is strong evidence of a dramatic increase in the use of
alcohol.10,11
The CHEFS (China National Hypertension Survey
Epidemiology Follow-up Study) provided a unique oppor-
tunity to examine the relationship between alcohol
consumption and development of ESRD in a large,
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prospective cohort of a national sample of men aged 40 years
and older in China.
RESULTS
Baseline characteristics of the study participants are pre-
sented according to alcohol consumption category in Table 1.
Drinkers were younger and less likely to be a high school
graduate than non-drinkers. Drinkers were more likely to be
current smokers, physically active, and have hypertension
compared to non-drinkers. On average, body mass index was
lowest among the heaviest drinkers, whereas mean systolic
and diastolic blood pressures were higher among the heaviest
drinkers. Drinkers were also less likely to have a history of
stroke or coronary heart disease compared to non-drinkers.
During an average follow-up of more than 8 years
(500 876 person-years of observation), 176 participants
initiated renal replacement therapy or died from renal failure.
Kaplan–Meier product limit estimates for cumulative in-
cidence of ESRD are presented in Figure 1. The age-
standardized rate of ESRD was lowest among men consum-
ing X21 drinks per week (Figure 2).
In age- and multivariate-adjusted Cox proportional
hazards models, there was a statistically significant inverse
relationship between alcohol consumption and ESRD
(Table 2). For instance, after adjustment for important risk
factors including age, geographic region (north vs south),
urbanization (urban vs rural), education, body mass index,
physical activity, and cigarette smoking, the relative risk (RR)
and 95% confidence interval (CI) of ESRD was 0.67
(0.44–1.01) for men consuming o21 drinks per week and
0.52 (0.31–0.89) for men consuming X21 drinks per week
(P-value for linear trend¼ 0.01) compared to non-drinkers.
This association remained after further adjustment for systolic
blood pressure and history of diabetes and cardiovascular
disease. Additionally, each one drink per day higher consump-
tion was associated with a 7% (RR, 0.93; 95% CI, 0.87–0.99;
P¼ 0.04) reduction in risk of developing ESRD after adjust-
ment for age. The association remained even after multivariable
adjustment (RR, 0.93; 95% CI, 0.87–1.00; P¼ 0.04).
The association between alcohol consumption and risk of
developing ESRD by selected characteristics including age,
geographic regions, urbanization, education, body mass
Table 1 | Baseline characteristics according to alcohol consumption among 65 601 men in CHEFS, China 1991–2000
Number of drinks per week
Characteristicsa Non-drinkers (n=40 660) o21 (n=14 194) X21 (n=10 747)
Age (years) 56.5 (10.7) 54.6 (10.0) 54.7 (9.7)
High school graduate (%) 32.6 31.3 18.7
Living in Northern China (%) 63.9 70.3 58.8
Urban residence (%) 61.1 61.8 47.9
Current cigarette smokers (%) 50.1 74.1 81.7
Physical activity (%)
Low 41.7 34.6 29.2
Moderate 15.3 16.3 13.4
Heavy 43.0 49.1 57.1
Body mass index (kg/m2) 22.3 (3.5) 22.6 (3.3) 22.0 (3.2)
Overweight (%)b 21.4 22.3 17.0
Blood pressure (mm Hg)
Systolic 126.6 (21.2) 126.2 (20.5) 128.8 (21.8)
Diastolic 78.3 (12.0) 79.2 (11.8) 79.8 (12.5)
Hypertension (%)c 27.3 27.4 30.8
History of stroke (%) 2.4 1.4 1.2
History of CHD (%) 1.8 1.4 0.9
Self-reported history of diabetes (%)d 2.2 2.1 1.3
CHD, coronary heart disease; CHEFS, China National Hypertension Survey Epidemiology Follow-up Study.
aAll data are mean (s.d.) or proportion.
bBody mass index X25.0 kg/m2.
cSystolic blood pressure X140 mm Hg and/or diastolic blood pressure X90 mm Hg and/or use of antihypertensive medications.
dDiabetes was assessed at follow-up.
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Figure 1 | Cumulative incidence of end-stage renal disease by
categories of alcohol consumption.
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index, physical activity, and current cigarette smoking are
presented in Table 3. In general, men consuming more than
X21 drinks per week had the lowest risk of ESRD, with the
exception of men living in urban areas. When analyses were
stratified by alcoholic beverage consumed, non-liquor and
liquor, which is the most common alcoholic beverage
consumed among Chinese men, a significant inverse
association between liquor consumption was observed,
whereas no association was observed between non-liquor
consumption and ESRD (Table 4). After multivariable
adjustment, men consuming liquor exclusively had a 33%
(RR, 0.67; 95% CI, 0.46–0.97; P¼ 0.04) reduced risk of ESRD
compared to non-drinkers. This association remained after
further adjustment for systolic blood pressure and history of
diabetes and cardiovascular disease.
During follow-up, 4493 deaths from cardiovascular
disease, 2376 deaths from cancer, 151 deaths from cirrhosis,
322 deaths from accidents, and 2330 deaths from other causes
were documented. After excluding deaths that occurred
during the first 3 years of follow-up, the multivariable
adjusted RR (95% CI) of ESRD was 0.68 (0.43–1.07) for men
consuming o21 drinks per week and 0.55 (0.31–0.97) for
men consuming X21 drinks per week compared to non-
drinkers. Similar results were obtained after excluding
participants who had chronic disease at baseline (data not
shown).
DISCUSSION
In this large, prospective cohort study of 65 601 Chinese men,
alcohol consumption was inversely associated with risk of
ESRD. Men consuming 21 or more drinks per week (three or
more drinks per day) at baseline were 48% less likely to
develop ESRD over an 8-year period compared to non-
drinkers, even after adjustment for age, geographic region
(north vs south), urbanization (urban vs rural), education,
body mass index, physical activity, and cigarette smoking.
Liquor drinking, specifically, was associated with a decreased
risk of ESRD.
Few epidemiologic studies have examined the effect of
alcohol consumption on CKD.3–7,12 In a population-based
case–control study of men and women aged 20–64 years,
alcohol consumption of more than two drinks per day was
associated with an increased risk of ESRD (odds ratio (OR),
4.0; 95% CI, 1.2–13.0) compared to abstainers.4 Similarly,
Vupputuri and Sandler6 found that moonshine consumption
was associated with CKD in a case–control study of 554
hospital cases and 516 age, race, and gender-matched
community controls (OR, 2.1; 95% CI, 1.2–3.8). Given that
these were case–control studies, recall bias may have
occurred, as alcohol consumption was assessed after the
development of ESRD in cases. In contrast, alcohol
consumption was not statistically significantly associated
with decline in renal function over 11 years of follow-up in a
prospective study of 1658 women enrolled in the Nurses’
Health Study.3 However, in that study, a renoprotective effect
of alcohol consumption was observed among women with
hypertension.3 Analogous to the results of our study,
Schaeffner et al.5 found an inverse association between
alcohol consumption and risk of renal dysfunction after 14
years of follow-up of 11 023 men enrolled in the Physicians’
Health Study. In that study, compared with men who
consumed less than one drink per week, men who consumed
seven or more drinks per week had an OR of 0.71 (95% CI,
0.55–0.92).
The inverse association between alcohol consumption and
ESRD observed in our study is consistent with the protective
effect of moderate alcohol consumption on coronary heart
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Figure 2 | Incidence of all-cause end-stage renal disease per
100 000 person-years standardized by age to the Chinese male
population using year 2000 census data.
Table 2 | RR and 95% CI of ESRD according to alcohol consumption among 65 601 men in CHEFS, China 1991–2000
Number of drinks per week
Non-drinkers o21 X21 P-value for linear trend
All-cause ESRD
Person-years 307 799 110 322 82 755
No. of cases 132 28 16
Age-adjusted RRa 1.00 0.65 (0.43–0.99) 0.51 (0.30–0.86) o0.01
Multivariate-adjusted RRb 1.00 0.67 (0.44–1.01) 0.52 (0.31–0.89) 0.01
Multivariate-adjusted RRc 1.00 0.65 (0.42–0.98) 0.51 (0.29–0.87) o0.01
CHEFS, China National Hypertension Survey Epidemiology Follow-up Study; CI, confidence interval; ESRD, end-stage renal disease; RR, relative risk.
aRR was adjusted for baseline age and stratified by sampling clusters.
bRR was adjusted for baseline age, geographic region (North or South China), urbanization (urban or rural residence), education, body mass index, physical activity, current
cigarette smoking, and stratified by sampling clusters.
cRR was adjusted for baseline age, geographic region (North or South China), urbanization (urban or rural residence), education, body mass index, physical activity, current
cigarette smoking, systolic blood pressure, history of diabetes and cardiovascular disease, and stratified by sampling clusters.
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disease and stroke.13,14 Such protective effects may
be mediated by increases in high-density lipoprotein
cholesterol levels and decreases in platelet aggregation and
fibrinolytic activity.15 Additionally, autopsy data from
the Honolulu Heart Program indicated that alcohol
consumption and hyalinization of renal arterioles, often
referred to as arteriolosclerosis, were inversely correlated.16
In that study, a 30-ml per day increase in alcohol
consumption was associated with a 76% reduction
in elevated hyalinization (OR, 0.24; 95% CI, 0.11–0.55) even
after adjustment for other cardiovascular disease risk
factors.16 The inverse association between alcohol consump-
tion and risk of ESRD was unlikely due to competing
risk—those who consume high amounts of alcohol die of
other causes. Alcohol consumption was inversely associated
with all-cause and vascular disease mortality in our study. In
addition, heavy alcohol consumption was only related with
increased mortalities from cirrhosis and accidents in this
study population.
There are several potential limitations to our study. First,
alcohol consumption was based on self-report and some men
may have under-reported or denied their alcohol consump-
tion. Self-reported alcohol consumption has been validated
in some studies,17 but in others heavy alcohol drinkers have
been shown to under-report their alcohol consumption.18,19
If this occurred in our study, the reported reduced risk would
have been underestimated. However, it is unlikely that
alcohol consumption was under-reported in this study, as a
similar distribution in alcohol consumption was found in a
nationally representative survey conducted in China in
2000–2001.20 An additional limitation is that alcohol
consumption was only assessed at baseline and drinking
habits may have changed over time. If men who consumed
high levels of alcohol at baseline decreased their intake during
Table 3 | Multivariable-adjusteda RR (95% CI) of ESRD according to alcohol consumption and specific characteristics
Number of drinks per week
Non-drinkers o21 X21 P-value for linear trend
Age (years)
460 (n=21 821) 1.0 0.57 (0.32–1.02) 0.45 (0.21–0.95) 0.03
p60 (n=43 780) 1.0 0.75 (0.41–1.38) 0.57 (0.26–1.24) 0.15
North
Yes (n=42 266) 1.0 0.66 (0.40–1.09) 0.45 (0.21–0.96) 0.03
No (n=23 335) 1.0 0.66 (0.31–1.44) 0.60 (0.28–1.29) 0.19
Urban
Yes (n=38 774) 1.0 0.57 (0.33–0.99) 0.66 (0.34–1.26) 0.16
No (n=26 827) 1.0 0.76 (0.39–1.50) 0.36 (0.14–0.93) 0.03
High school
Yes (n=19 727) 1.0 0.60 (0.26–1.36) 0.43 (0.10–1.84) 0.18
No (n=45 857) 1.0 0.70 (0.43–1.15) 0.53 (0.29–0.94) 0.03
Body mass index (kg/m2)
X25 (n=13 671) 1.0 1.13 (0.53–2.38) 0.38 (0.09–1.65) 0.22
o25 (n=51 741) 1.0 0.55 (0.39–0.92) 0.55 (0.31–0.99) 0.03
Physically active
Yes (n=40 589) 1.0 0.69 (0.40–1.19) 0.53 (0.27–1.03) 0.06
No (n=25 012) 1.0 0.65 (0.34–1.25) 0.48 (0.19–1.22) 0.09
Current smoker
Yes (n=39 685) 1.0 0.71 (0.42–1.20) 0.50 (0.26–0.95) 0.03
No (n=25 916) 1.0 0.58 (0.28–1.21) 0.57 (0.20–1.57) 0.17
CI, confidence interval; ESRD, end-stage renal disease; RR, relative risk.
aEach variable was adjusted for the others in the table and stratified by sampling clusters.
Table 4 | Relative risk and 95% CI of ESRD according to type
of alcohol consumed among 65 601 men in CHEFS, China
1991–2000
Non-drinkers Drinkers P-value
Liquor, exclusively
Person-years 307 799 146 947
No. of cases 132 38
Age-adjusted RRa 1.00 0.65 (0.45–0.93) 0.02
Multivariate-adjusted RRb 1.00 0.67 (0.46–0.97) 0.04
Non-liquor, exclusively
Person-years 307 799 19 336
No. of cases 132 5
Age-adjusted RRa 1.00 0.87 (0.34–2.24) 0.77
Multivariate-adjusted RRb 1.00 0.91 (0.35–2.32) 0.84
CHEFS, China National Hypertension Survey Epidemiology Follow-up Study; CI,
confidence interval; ESRD, end-stage renal disease; RR, relative risk.
aRR was adjusted for baseline age and stratified by sampling clusters.
bRR was adjusted for baseline age, geographic region (North or South China),
urbanization (urban or rural residence), education, body mass index, physical
activity, current cigarette smoking, and stratified by sampling clusters.
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follow-up to a greater extent than those who drank lesser
amounts, the protective effect of alcohol consumption could
have been underestimated. Additionally, the health effects
associated with binge drinking may be different compared
with those for regular drinkers; however, information on
drinking patterns, such as frequency, was not collected in this
study.
Another limitation is that kidney function was not
assessed at the baseline survey and examination. Conse-
quently, it is unknown whether CKD was already present in
those in whom ESRD later developed. Participants with CKD
or other health problems may have reduced or ceased
consumption of alcohol, resulting in an underestimate of
exposure. The proportion of men with a history of stroke or
coronary heart disease at baseline was highest among non-
drinkers and lowest among men consuming the most alcohol.
However, very few men had a history of stroke or coronary
heart disease at baseline, and the inverse relationship
persisted even after adjustment for these potential confoun-
ders. We did not collect data on serum lipid levels or
cholesterol-lowering medication use. Therefore, the potential
confounding effect of these factors on ESRD incidence and
mortality could not be controlled. However, the use of lipid-
lowering or antiplatelet medications was rare in China during
the 1990s.21 Thus, we expect the lack of this information to
have little or no impact on our results. Finally, power was
limited in assessing the association between type of alcoholic
beverage consumed and ESRD.
Previous studies have found that over 10% of the Chinese
population has inherited polymorphisms of the alcohol
dehydrogenase and aldehyde dehydrogenase genes, which are
involved in alcohol metabolism. Such variants can cause an
unpleasant flushing reaction with alcohol consumption.
Therefore, individuals with the gene variants report
decreased alcohol consumption and would fall into the
non-drinker category more often. Individuals with the gene
variants who go on to drink alcohol may be more likely to
encounter complications from alcohol use.10
There are several strengths of our study. Foremost is its
large sample size and high follow-up rate. There are few
cohorts with similar sample sizes that are available for
studying ESRD in the world.22–24 Furthermore, previous
studies were conducted among populations in the United
States where drinking habits and preferences in the type of
alcoholic beverage may be different from those in China.
Additionally, this study had a wide distribution of alcohol
consumption with high rates of heavy drinking not seen in
the other studies, 22% of our study population reported
consuming up to 21 drinks per week and 16% reported
consuming more than 21 drinks per week. Additional
strengths of this study include the use of stringent training
and quality control processes, standard protocols, and
standard criteria for assessing ESRD.
Our findings have important clinical and public health
implications, as alcoholic beverages are consumed widely and
incidence of ESRD continues to rise throughout the world.
This study suggests that alcohol consumption reduces the
risk of developing ESRD in middle-aged and older Chinese
men. However, the implications of these findings should be
examined cautiously given the potential deleterious effects
associated with alcohol consumption. Heavy alcohol con-
sumption has immediate effects that may increase the risk of
many harmful conditions including unintentional injuries,
alcohol poisoning, and violence. Furthermore, heavy alcohol
consumption may lead to the development of other chronic
diseases, neurological impairments and social problems. In
2001, there were approximately 75 000 deaths attributable to
excessive alcohol consumption in the United States.25
Prospective cohort studies that involve both men and women
are warranted to confirm the association reported in this
study. Further investigations of the possible mechanism also
need to be explored. Until we know more about the
metabolic and behavioral effects of alcohol associated with
ESRD, there is no basis for recommending that patients begin
to consume alcohol if they do not already do so or to increase
their alcohol intake.
MATERIALS AND METHODS
Study population
Figure 3 presents the flow of participants in this prospective cohort
study. The 1991 China National Hypertension Survey used a
multistage random cluster sampling design to select a nationally
1991 China National Hypertension Survey
520 634 participants <40 years of
429 722 participants aged 40 years or older
information excluded
86 338 women excluded due to low
alcohol consumption
950 356 men and women aged 15 years
and older were randomly selected from all
30 provinces
age excluded
259 851 participants from 13
provinces that did not keep contact
1999 China National Hypertension Survey
Epidemiology Follow-up Study (CHEFS)
From the remaining 17 provinces, 169 871
participants (83 533 men and 86 338
women) aged 40 years or older at the 1991
survey were eligible
78 500 men or their proxies were identified
and interviewed
(follow-up rate = 94%)
65 601 men included in the analysis
19 men with ESRD at baseline
excluded
12 880 men with incomplete
alcohol consumption excluded
5033 men refused to participate or
were lost to follow-up
Figure 3 | Flowchart of participant recruitment and derivation of
the population used in the final analysis.
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representative sample of the general Chinese population.26 A total of
950 356 men and women aged 15 years and older were selected from
all 30 provinces. In 1999, 17 of the 30 provinces participated in the
CHEFS. The other 13 provinces were not included in the follow-up
study because participants’ contact information was not available.
However, sampling for the 1991 survey was conducted indepen-
dently within each province, and participants included in the
follow-up study were evenly distributed among the different
geographic regions representing various stages of economic deve-
lopment. Overall, 169 871 participants (83 533 men and 86 338
women) who were 40 years or older at the baseline examination
were eligible for the follow-up study. Owing to very low alcohol
consumption among women in China, this study was limited to
men. A total of 78 500 participants or their proxies were identified
and interviewed as part of the follow-up study (94% follow-up rate).
After excluding those with incomplete alcohol consumption
information, the majority of whom were from two provinces that
did not report alcohol consumption (n¼ 12 880), and those with
ESRD at baseline (n¼ 19), data from 65 601 men were included in
this analysis. Participants included in the final analysis were not
different from the overall eligible population (data not shown).
Baseline examination
Baseline data were collected at a single clinic visit to a local field
center by specially trained physicians and nurses using standardized
methods with stringent levels of quality control. Information on
demographic characteristics, medical history, and lifestyle risk
factors was obtained using a standard questionnaire administered
by trained staff. Physical activity was assessed using a questionnaire
that asked participants about their work-related activities and
defined as low, moderate, or high. Leisure-time physical activity was
not ascertained because it was uncommon. Cigarette smoking was
defined as smoking at least one cigarette per day for 1 or more years.
Three blood pressure readings were obtained after the participant
had been seated quietly for 5 min according to a standard protocol
adapted from procedures recommended by the American Heart
Association.27 Body weight and height were measured in light
indoor clothing without shoes, using a standard protocol. Body
mass index was calculated as weight in kilograms divided by height
in square meters.
Alcohol consumption was assessed by interviewer-administered
questionnaire. Participants who drank 12 or more alcoholic drinks
in the previous year were asked to quantify their alcohol
consumption in liang per month for four types of alcohol: beer,
liquor, wine, and rice wine (1 liang is equivalent to 50 g alcohol).
Liangs were converted to grams and this quantity was multiplied by
the average alcohol content of each type of drink (beer, 3.9%; liquor,
53.3%; wine, 11.6%; and rice wine, 13.6%) to obtain the amount of
alcohol in grams consumed.28 These values were summed across
types of beverages and divided by 12.5 to obtain the number of
drinks per month. For consistency with literature on alcohol
consumption in western populations, 12.5 g pure alcohol was
considered one standard drink.29 To obtain the number of drinks
per week, the latter number was divided by 4.33. Men who reported
never drinking or who consumed less than 12 drinks per year were
categorized as non-drinkers.
Follow-up data collection
Follow-up procedures were conducted in 1999 and 2000 and
included tracking study participants or their proxies to a current
address, performing in-depth interviews to ascertain disease status
and vital information, and obtaining hospital records and death
certificates. Interviewed persons were asked whether the participant
received treatment for ESRD since 1991. All ESRD events reported
during the in-person/proxy interview were verified by obtaining
medical records or death certificates from the local hospital, dialysis
unit, public health department, or police department. ESRD was
defined as renal replacement therapy (dialysis or renal transplanta-
tion) or death from renal failure. Trained staff visited all hospital
and dialysis units where participants received their treatment. The
participants’ hospital records, including medical history, physical
examination findings, laboratory test results, discharge diagnosis,
and/or autopsy findings, were abstracted by trained study staff using
a standard form. In addition, photocopies of selected sections of the
participant’s in-patient records, discharge summary, and pathology
reports were obtained. Death certificates were obtained for all
deceased participants.
Using pre-specified criteria, an end point assessment committee
in each province reviewed and confirmed (or rejected) the hospital
discharge diagnosis and cause of death based on the abstracted
information. A study-wide end point assessment committee at the
Chinese Academy of Medical Sciences in Beijing independently
reviewed all ESRD cases. Two committee members verified each
ESRD case, their results were compared, and discrepancies were
adjudicated by discussion involving additional committee members.
Causes of death were coded according to the International
Classification of Diseases, Ninth Revision.30
This study was approved by the Tulane University Health
Sciences Center Institutional Review Board and the Cardiovascular
Institute and Fu Wai Hospital Ethics Committee. Written informed
consent was obtained from all participants at their follow-up visit.
Statistical analysis
Study participants were grouped into three categories by alcohol
consumption at the baseline examination (non-drinkers, o21
drinks per week, and X21 drinks per week). These cut points were
selected based on the distribution of alcohol consumption in the
study population and to allow for comparisons with other studies.
Person-years of follow-up were calculated for each study participant
from the date of the baseline examination until the date of death,
development of ESRD, or the follow-up interview, whichever
occurred first. Cumulative incidence curves of ESRD were plotted
using the Kaplan–Meier method with differences across alcohol
categories assessed using the log-rank test. Age-standardized
incidence rates were calculated for each category of alcohol
consumption using the age distribution of the Chinese population
from year 2000 census data.
Cox proportional hazards models, using non-drinkers as the
reference group, were used to examine the multivariate-adjusted
relationship of alcohol consumption with incidence of ESRD. Initial
models included adjustment for age. Subsequent models included
additional adjustment for geographic region (North vs South
China), urbanization (urban vs rural), education (high school or
greater), body mass index, physical activity, and current cigarette
smoking. The main multivariate models did not include adjustment
for systolic blood pressure and history of diabetes and cardiovas-
cular disease (stroke or coronary heart disease), as these factors are
potential intermediate variables in the causal pathway between
alcohol consumption and ESRD. However, these intermediate
variables were included in subsequent models. The proportional
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hazards assumption was evaluated by means of graphical methods
and time-dependent models to test for trends in time.31,32 Hazard
ratios were calculated as a measure of RR.
The RR of ESRD associated with each one drink per day higher
consumption was calculated using alcohol consumption as a
continuous variable. For this analysis, alcohol consumption greater
than the 99th percentile or 21 drinks per day (n¼ 703) was set to 21
drinks per day. Analyses were also conducted by type of alcoholic
beverage consumed (liquor consumption exclusively and non-liquor
consumption, which consisted of beer, wine, or rice wine,
exclusively). Stratification by beer, wine, and rice wine consumption
could not be performed due to the low number of participants who
consumed these products. Sensitivity analyses were conducted
excluding participants who died within the first 3 years of follow-
up and excluding participants who had chronic disease (cardiovas-
cular disease, stroke, or cancer). Methods to estimate variances that
take into account the sample clustering were used in the Cox
proportional hazards models.33 Statistical analyses were conducted
using SAS statistical software (version 9.1; SAS Institute Inc., Cary,
NC, USA).
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